The last decade has witnessed a growing interest in design information technologies and interfaces that support rich and complex user experiences, including satisfaction, joy, aesthetics, and reflection. It is high on the agenda to extend and intensify the overall (user) experiences with the help of appropriate technology. This paper presents two pilot studies in which mobile devices were used to enrich shared experiences by measuring user generated collective heart rate. It is visualised in the indoor ice rink and utilised in exertion games to bring intensiveness into the audience experience. The aim of the study was to explore the usefulness and affect of the developed collective heart rate system and to evaluate it as one of the new features that could enhance the shared experience among the audiences in co-creational spaces. In particular, the study focuses on studying the significance of the technological equipment in creating a sense of collectiveness and togetherness of the participants. This research is important because it introduces a new idea of user involvement with the techniques of mobile phones and heart rate measurement belts. The results, positive and negative, of the study widen the field of physiological sensing technologies and facilitate the diffusion of these techniques into different public events.
Introduction
During the recent years we have experienced an increase in use of mobile communication support (Armstrong, 2007; Dahlbom, 1996) . In events, concerts and sports competitions audience get experiences that enrich their lives. The experience is an entity that is formed by the event, the person, physical environment, people sharing the experience and services provided to the audience. The aim of this paper is to describe a project that explores an implementation of supporting co-creation in a public space, study users as sensors, and study the space for sharing experiences, the service concept and service in this space and users' perceptions of the service in such a space. The user interface to the space for sharing experiences is mobile devices.
Researchers in the domain of human factors have been concerned with optimising the relationship between humans and their technological systems. The quality of a system has been judged not only on how it affects task performance in terms of productivity and efficiency, but on what kind of effect it has on well-being of the user. The increasing availability of physiological sensing technologies is opening a real-time window into users' internal states. Evidence from physiology has shown that physiological measurements [e.g., galvanic skin response (GSR), heart rate (HR), blood volume pulse] reflect autonomic nervous system (ANS) activity and can provide key information regarding the intensity and quality of an individual's internal experience (Andreassi, 2000) ; moreover, physiological response is involuntary and thus is difficult to 'fake' (Andreassi, 2000) . There are many examples of the use physiological metrics in the domain of human factors [see Mandryk et al. (2006) for an overview]. Monitoring the HR can be considered as a one way to measure audience excitement and empathy. In other words, the audience is a sensor that produces a collective HR. The purpose of this study is to find out do this collective HR and the developed system affect and enrich the experience of public events. This paper presents two studies on using mobile device enabled collective HR. The second one is the follow-up study.
Study 1 Ice hockey pilots included in this project are realised in hockey matches of a Finnish National Hockey League team Porin Ässät during the spring 2010. The group of volunteer first attended two try-outs in two different hockey games and at the actual pilot study the audience was invited to take part in the HR measurement. 10 participants from the audience actually wore the rate measurement belts and part of the audience was asked to fill in a questionnaire.
Study 2 Based on the results of the first study we implemented an approach to add activity to the audience. The HR-based multiplayer game study was conducted in fall 2010 at the school of Kasavuori in Finland. 60 students participated in the exertion game tournament. Players were observed during the game session and afterwards observers discussed briefly with players. A day after the tournament players filled in the digital questionnaire. In this study players can be seen also as an active audience because of the game itself is the main event.
In both cases (studies), the use of collective HR and its affects on the event experience were empirically evaluated. Traditional evaluation methodologies in human-computer interaction (HCI) are rooted in the productivity environment; however, for an entertainment technology, the interest lies in the quality of experience and to what degree this experience is facilitated by the entertainment technology, regardless of performance (Pagulayan et al., 2003) . Currently, the most common methods of assessing user experience are through subjective self-reporting, including questionnaires and interviews, and through objective reports from video observation and analysis (Lazzaro, 2004) . Subjective evaluation through questionnaires and interviews is generalisable, and is a good approach to understanding the attitudes of users (Marshall and Rossman, 2006) .
To collect HRs from individual users can be implemented by using HR belts as external sensors for mobile phones via Bluetooth. To transfer this data to the server mobile phones are connected to a local network (Wlan). The server utilises HR values to produce the collective HR. Both individuals' HRs and the collective HR can be visualised in a real time. In addition, mobile devices can be utilised to measure sensor readings and detect user inputs as in the Study 2.
Related work
The aim of the study was to explore the usefulness and affect of the developed collective HR system to the collective experience in public events. To solve this multidimensional research problem we take into consideration several earlier approaches. Related research has been conducted from HR measurement, audience and technical point of views (Khoo et al., 2008; Armstrong, 2007) . Based on earlier studies mobile devices can be used to enhance audience experience during sport events (Nilsson, 2007) . Also, use of physiological measurements in order to evaluate and enhance audience experience has been studied widely. However, audience is rarely studied as an active part of an event. This chapter provides the background information about the field of the study.
HR measurement
Probably the first research on audience's HR measurement was conducted already in the 1960's in Freiburg, Germany. The short article in the official Finnish Football Yearbook 1967 -1968 states that three German doctors executed a research on intense football fans HRs at the time something significant happened on the football field. They decided to inspect their own HRs during the final games in World Champion tournament, summer 1966. Game events had an affect to these doctors. For example their HR rose significantly when the home team scored. During the overtime, the HR of one of the doctors actually rose to 196 beats per second, which was counted already lethal for some people. Reason for this study was actually the sudden deaths of sport followers and this experiment seemed to back up the fact that true sport fans really immerse themselves into the gaming situations in a way that it could be dangerous for some (Honkavaara, 1968) There are also other studies on measuring breathing-and HR data for example with distribution over wireless IP networks (Khoo et al., 2008) . For example the Könberg's et al. (2003) study was conducted in order to enhance a sport event and it was tested to provide online sensor data from athletes directly to the internet. For the purpose two internet enabled sensors measuring pulse and breathing rate, to be worn by hockey players, was designed. A sensor networking approach with full TCP/IP suite capability at the sensor was used. The sensors worn by the player was networked and data provided to spectators via hand held computers and IEEE 802.11b communication. The sensors were tested for a full Swedish Hockey League game. The main intention was to enhance an event for the audience using this type of sensor systems. The study was also executed in Luleå's hockey arena. Könberg's at al. study chose to measure breathing and HR on hockey players on a team to make it possible for the audience and the team coach to get real-time information about the players' status. In brief, the implemented system was placed on the hockey players. It consists of sensors for measuring breathing and pulse rate and a wireless system for transmitting data from the hockey player to the rink side where it is received for distribution to the audience. The audience had access to the data through handheld computers (PDAs) connected through WLAN. Kiili et al. (2010a) tested the usefulness of HRs for controlling an exertion game. Two teams compete each other and the objective of the game was to accelerate the car to the top speed by raising team's collective HR as much as possible. Results indicated that HR monitors were considered as suitable game controllers.
In Lin et al.'s (2008) study they subjectively and physiologically investigated the effects of the audiences' 3D virtual actor in a movie on their movie experience, using the audience-participating movie DIM as the object of study. They, based on the existing literature, chose to collect GSR and electrocardiogram (EKG) signals to evaluate audience experience. These physiological data were gathered using ProComp Infiniti hardware and Biograph software from Thought Technologies TM. HR was computed from the EKG signal. EKG records the electrical activity of the heart over time. Cardiovascular measures such as HR, heart rate variability (HRV) and interbeat interval (IBI) can be computed from EKG signals. Lin et al also chose to focus on the measure of HR in the study.
Audience experience
Lots of the audience research that utilise HR measurement technique consists of people presenting for example a speech in front of the audience. For example probably one of the first studies on the matter, the study of Bassett et al. (1973) already from the year 1973 investigated the effects of visible audience responses on the HR of students presenting an informative speech. The results indicated that speakers receiving negative audience responses had higher HRs than speakers receiving positive audience responses. These findings suggest that speaker experienced stress is greater under negative than positive conditions of audience response. This is called an audience effect by Robert Zajonc's (1965) drive theory. The subject is still studied for example especially in the field of public speaking as well as in the field of competitive sports (Bray and Martin, 2003) .
The audience research concentrates also on the consumption of the media for example. One good example is Gantz's and Wenner's study on Men, women, and sports: Audience experiences and effects. The study examined gender differences in the audience experience with televised sports. Men and women were expected to approach, observe, and respond to sports programming in different ways (Gantz and Wenner, 1991) .
However, the audience is rarely studied as an active piece of different events. Like mentioned before, audience is usually interpreted passive either as a counter part in a public situation or as a consumer of mass media products. In this study the audience is seen as an active part of the hockey game and the exertion game event. One of the intentions of this study is to increase and enhance the interaction between the audience and the happenings on the events. We see audience members as sensors, not just consumers but producers and content creators as well. With the concept of collect HR we are able to invite the audience to participate in different arena events with different ways for example competitions on guessing the correct HR or when comparing HRs. The chapter Results and Findings covers more of these different ways to activate the audience.
Technological solution
Our research platform is based on a client -socket server architecture. These kinds of solutions are utilised usually in games. For example Kiili et al. (2010b) have designed an exertion game solution to be used on a mobile phone. They have used a real time socket server system that enables multiple simultaneous mobile phone connections. A solution of the Study 1 to transfer HRs to the server presented in this paper uses a simplified version of this kind of game platform. Instead of acceleration sensor data, our solution includes HR belts providing heart beat values. In addition, all game features like inputting a player name and selecting a game etc. are removed. The main differences concerns about visualisation. In the follow-up study (Study 2) in this paper we combine the HR feature with the game platform thus it recognises HRs and game commands (movements in this case).
Nowadays smart phones include several sensors and lots of research has been done based on those mobile sensors like an acceleration sensor or for example a GPS. For instance, Essl and Rohs (2007) have presented a sensor-based integrated mobile phone instrument that can be used to play virtual drums. It utilises an acceleration sensor. In addition, several external sensors can be attached to a smart phone for example via Bluetooth connection. A HR belt is concerned as an external sensor in this study.
More general, for example Nilsson (2007) has exploited Mobile IT in his research in order to amplify event audience experience. His study introduces how mobile IT can be used to enhance audience experience and constitute an alternative information and media resource during sport events. The study explores how handheld and alternative media and information channels provide the audience with information and news during the event.
Research platform
This chapter describes operation of the research platform. It consists of mobile clients and server side solution. The main features are HR measurement and visualisation. For the follow-up study (Study 2) we added necessary game controlling features but the platform is same in both cases.
Mobile client
As HR measurement equipment we used Nokia 5800 XpressMusic smart phones and Zephyr HxM Bluetooth HR belts. Once a Bluetooth connection has been established with the HxM, the connecting mobile device can receive the data packets. The Nokia 5800 receives a data packet that includes a HR value from the HxM at one-second intervals.
After analysing a received data packet, the mobile client can visualise user's current HR on the mobile phone screen in a real time, if this feature is activated (see Figure 1 ). At the same time, it sends every captured HR value to the server in a specific XML scripting language format via a network socket by the WLAN connection. The HxM has wear-detect circuitry, which switches on data output. The mobile client application establishes the Bluetooth connection with the HxM and the WLAN connection to the server automatically when these are available. 
Server side
The server (a part of Figure 2 ) has a socket-server made in Java, which directs messages sent by the mobile-client in XML format to the main application made in Flash. In principle, the main application can be on any given computer of the same wireless network but in this experiment the main application was in the same laptop as the socketserver. For the socket-server to be able to forward the messages of the mobile-clients to the main application, it must quite first send socket-server a XML-message about its existence and that it is waiting for mobile-clients to join. After this, the socket-server answers the inquiries of the mobile-clients that the main application is hosting and the mobile-client can be connected to the main application. The socket-server also transmits messages the other way round.
Methods and arrangements
The follow-up study differs from the first one because of it was more realistic to implement it in a different pilot environment. The first study was suitable for ice hockey matches. The follow-up version is more activating solution and it was not anymore proper for commercial ice hockey matches. Due to this, the second version was implemented without the ice hockey context. However, both studies were designed to find out do the collective HR and the developed system affect and enrich the experience of a public event.
Study 1 -collective HR in ice hockey matches
The pilot testing was conducted in spring 2010 with the cooperation of Porin Ässät Hockey Team and the group of volunteers that were recruited to attend two try outs before the actual pilot study (Table 1 ). The participants of the try out groups were staff and students of the University Consortium of Pori (n = 20). The participators of the final test (n = 10) were recruited from the audience before the hockey game. Table 1 The ice hockey pilots At first, two try out -groups in two different hockey games tested the HR measurement experiment. We placed ourselves among the audience and tried to record behaviours and the social interactions as Nilsson (2007) has presented earlier. Three observers from the research group followed the participators during the first round of the hockey game when the HR measurement belts were used. Then the actual pilot study was executed through audience participation with the HR belts, and when attending an arena event, the main media and information support available is the one provided by host (Nilsson, 2007) , which is why the collective announcements came from the commentator during the game. This enabled everyone in the audience to take part in the experiment just by listening the average, collective HR. Finally, the audience participators with the HR belts and the rest of the audience filled in a questionnaire during the first break of the game. The observation results and participants questionnaire answers were analysed. In this case, the main application of our system calculates an average HR from the values of the moment at intervals of one second and transmits the result to the HR animation (Figure 3) . In case the test person goes out of reach of the wireless network or the mobile-clients for some other reason stops sending HR information completely or temporarily. The main application counts out all mobile clients from the calculation, which have not sent a new HR in five seconds. If a test person has an especially low or high HR, the leaving out of calculation is seen from the average especially if there are only few test persons. To take this into consideration would mean that the test persons' normal HR would have to be known beforehand. The main application could calculate a normal HR before the beginning of the hockey game to the test person and the average would be calculated from the change of the normal. However the change in the HR is what interests, not the right HR. Unfortunately a time between the beginning of the game and enlisting of the test persons is short and the people are more or less exhausted after having walked uphill from the parking place to the to the ice-rink and do not necessarily calm down before the beginning of the game. In the actual experiment, all the test persons sent HR information from beginning to end and we did not need to pay attention to this possible distortion.
The main application rounds off the HR average as a whole number and records it with a time stamp in the array whenever the average changes. When there are a hundred cases, the main application will send the contents of the array to the web server in the same laptop and begin collecting the average changes from the beginning. The web server has a program made in PHP, which adds the sent HRs to the database. For this experiment there was an added text field in the main application in which the observer wrote the events of the game and sent them with a timestamp through the same program in the web server to the database.
Study 2 -HR-based multiplayer exertion game event
To deepen the study of the collective HR, we decided to perform another pilot at a totally different public event. The follow-up study was conducted in fall 2010 at the school of Kasavuori in Finland. The participants were 13-16 years old (n = 60). Each class (16 altogether) selected four students that stand for their class in the exertion game tournament.
The game played in the tournament is called speeding (Figure 4 ). In the game two teams compete against each other by racing top fuel cars. The objective of the game is to accelerate the car to the top speed by raising team's collective HR as much as possible. Car speed is directly proportional to team's collective HR, so they also had to maintain the top HR for a while. Players are allowed to decide the physical movements that they prefer to be the best and most efficient. One game takes approximately one to three minutes. The game utilises Panda3D game engine that allows implementing different camera angles to the game. For example, if competing teams were close to each other they were viewed by side angle. On the other hand, if the opponent is overwhelming, the game situation is presented from the first person perspective that creates a feeling of chasing. The evaluation of the game tournament was based on digital questionnaire including 27 items, HR recordings and observation. Nine of the items measured flow experience and rest focused on the usefulness of the used game controller, attitudes towards exertion games, and educational use of exertion games. At first, the participants played speeding game. The teams that reached the finals played four games during the tournament. Three observers followed the players and wrote down notes. After the gaming sessions, observers discussed briefly with players. A day after the tournament players filled in the digital questionnaire.
Results and findings
As mentioned already earlier, the follow-up study was conducted because of the first study results. In the second study the audience is more active part of the event than in the first study. Both results are presented in this chapter.
Study 1 -collective HR in ice hockey matches
The collective HRs from the second try out and the final test during the first periods are presented in Figure 5 and Figure 6 . These two periods were selected because we had some technical problems during the first try out. So these figures provide the most reliable data. The HR data was stored automatically to the database during the played games. In addition, significant game events were added manually to the same database meanwhile. In Figure 5 , all participants were located to grandstand seating. In this game, there were 2,924 people. On the contrary, in Figure 6 the study participants were in the standing grandstand and the whole audience was 4,007 people. The final test match was also important to the home team because they had a small opportunity to survive to the playoff games. So these might be noteworthy issues when reviewing these figures. Moreover, Figure 5 does not include a goal. At any rate, it is clearly visible that different situations during the games have an effect to the audience collective HR.
Observation results
Overall, the participators appreciated the HR measurement concept itself. They were enthusiastic to get the experiment started. It seemed that it was really interesting to see your own accurate and real time HR from the screen of your mobile phone. At first the participants looked repeatedly their rate and pretty soon it was seen that the participants started to get an effect on the rate by jumping and so on. This was all normal behaviour since they were adapting the technology for the first time. This was seen in the both try out groups. All of the participants watched their own rate while something exiting happened on the ice but they were also interested what their collective rate was at times. Generally, the players seemed to understand the logic between the mobile phone, server and HR measurement belt. However, there were slight problems with the use of the belt since it was a new gadget for some of the participants. For example, part of the participants needed assistance on how to put the belt on and locate it (on chest) correctly. There were also feelings of slight awkwardness since the try out groups first came to realise that they were obligated to put the belt, naturally, under their shirts next to the bare skin. They did this in the toilet but still it was seen that for example the wristband would be more pleasant for the test group to use. This was especially seen when the participators from the audience were recruited at the final test. Approximately 25 persons from 30 declined after hearing that they would be asked to attach the belt under their clothes. It took time, a bit more than first expected, to gather the group from the audience mainly because of this. One of the problem areas was the obligatory moisturising of the belt. Some of the belts dried out during the test and due to this no longer were part of the test.
The participators communicated with each other during the tests and compared their own rates and the collective result as well. This emphasises that this sort of an add on -feature had an effect on their watching experience. However it did not seem to have disrupted the following of the game, which is important. In the future HR-feature could especially be designed to bring more sociality to the audiences for example during the breaks.
There was not that much to observe when the commentator announced the collective HRs to everyone in the hall. However it was seen that the people were waiting to hear did the rate change for example when the home team scored. The test would naturally be much more significant to the whole audience if the majority could actually take part in the HR measurement experience and if the collective heart could be visualised on a large public screen. The future developments and research ideas will be presented in more detail in the section future work and places for improvement at the end of the paper.
The questionnaire results
The evaluation of this collective HR study was mainly based on a paper-based 15-item questionnaire, which was dealt to the certain, but random part of the audience by the research group itself. The questionnaire contained questions of respondents' background for example in their habits of watching ice hockey and using HR belts in their free time. The respondents were also most importantly asked whether they noticed there was an experiment executing and whether the experiment affected their watching experience or not. Most of the questions were multiple-choice questions (based on the Likert scale), and each question had multiple answer possibilities suitable to the questions. There were also four scenario-based questions that introduced four different ways to utilise the HR measurement in order to enhance the audience experiment. There were multiple answer possibilities such as not interested, good idea and disturbing. In the end 53 members of the audience answered the inquiry. The members of the research group also observed all the participators in three different sessions. They were observed from the moment they arrived to the ice hockey hall and to the moment they gave their belts and mobile phones back. This way it was possible to monitor the initialisation of the technology from its very beginning.
Fifty three members of the audience (including the ones that also wore the belts) participated in the inquiry. Thirty three were male and 20 female. Most (15) of the respondents were between the ages of 21-30 and the second largest group (12) was between the ages of 41-50. 48 of the respondents declared themselves as fans and supporters of the home team Porin Ässät and 19 went to hockey games now and then and 20 often. Small group (four) stated that they go to see hockey always when it is played. Only five of the respondents use HR measurement belts regularly or always on their free time when 27 state no use of belts. Eight use belts now and then and 13 seldom. Six of the respondents make bets on hockey results often, 15 now and then and 18 seldom. 14 state never. The clear majority (23) follows the results on real-time from the internet, text TV or television (if possible). Also 10 watch at least the results during the game night from the internet, text TV or television. Small amount (four) checks the results from the tomorrow's magazine and five are not interested in the results at all. These background questions were used in order to create a picture of what type of people go to hockey games in the year 2010. The study was especially interested, due to the research subject, of the use of HR measurement belts, the role of the different mediums when checking the hockey results and the background of the audience -a true fan and dedicated hockey follower will have different, more intense, approach to these kinds of extra-features happening during the game.
What is promising is the fact that the clear majority (52) noticed the HR measurement during the game. This time it was not possible to visualise the collective HR on the central screen above the ice but the local commentator of the game was recruited to announce the current rate instead. The commentator announced the average HR for example after the goals or other significant events during the game. The inquiry then asked whether the HR knowledge had any influence on the audience's experiences. No one answered that the final test would have had any negative impact on the game. However 27 stated that it did not have any impact what so ever. One of the good results was the percentage on positive impact since 24 of the respondents stated that the impact was indeed positive.
Finally, we suggested four different scenarios and situations (Table 2, Table 3,  Table 4 and Table 5 ) in which the HR measurement and public display could be used. Based on these tables, the collective HR of the audience should be displayed to everyone during the next pilot study. Also, by adding extra features like competitions the experiment could be more interesting. Table 2 Scenario A
Would it be interesting to have the possibility to guess the collective rate at the time when the first goal is done?
Not interested 3
Disturbing 0
Could not care less 12
Good idea 31
Exiting 5 Table 3 Scenario B
Would it be interesting if the home team's supporters and visitor team's supporters collective rates could be displayed at the same time so the data could be compared in real-time?
Not interested 1
Disturbing 1
Could not care less 13
Good idea 31
Exiting 5 Table 4 Scenario C
Would it be interesting if it would be possible to increase your own heart rate during the game breaks for example by making waves in the audience, even as a competition between the home and visitor teams' supporters?

Not interested 10
Disturbing 6
Good idea 20
Exiting 2 Table 5 Scenario D
Would it be interesting if it would be possible to look up from the internet during and after game the graphical diagram of the heart rate? In a way where also the different game situations could be located with the rates?
Not interested 11
Could not care less 8
Good idea 24
Exiting 8
Discussion
At first, like mentioned before, in the future the collective HR will be visualised on a large public screen that already holds the important information of the game and is situated in the centre of the ice rink itself. This will give all of the audience a possibility to follow the current state of the rate when they feel like it. In this experiment the notification of the collective HR was more or less based on the rhetoric of the announcer. Secondly, the experiment should be able to offer the necessary technology to a much bigger part of the audience than in this test. The amount of the devices is crucial among the large audiences (Nilsson, 2007) . This is of course difficult since the technology is expensive and every participator must be involved in the study by signing an agreement in case of breakage and such. This was done also in this experiment. According to the Könbergs et al. study, there are a lot of demands on sensors and equipment that are to be placed on a hockey player (for example size, weight, placement, low power consumption, resistance to motion artifacts and high humidity). There also certain demands on equipment used with the ice hockey audience as well (Könberg et al., 2003) .
When it comes to the technology, it should be stated, that the HR measurement belts that need to be placed under clothes and moistened are not necessarily the best choice since the use of them, according to this study, seems to be interpreted as some sort of a violation of privacy. The successful experiment must offer for example a wristband or such that would not inquire that much trouble from the audience. However, if the test groups got bigger, it would also automatically mean better-organised data gathering from the audience. This time the research group gathered the data just by sharing the inquiry leaflets and collecting them afterwards. The time to act during the break is limited so there should definitely be a bigger group of people collecting the answers. In the future it has been considered that for example the junior hockey team could be used for this purpose.
In this study, significant game events like goals and penalties were added manually to the server by using a custom-made Flash application interface. As a future work, this feature will be automated by merging the heart measurement server data and real time game event information from the official Finnish National Hockey League website. In addition, this feature that visualises the real time audience HR including game events can be implemented to a web page.
Nowadays smart phones include several sensors and lots of research has done based on those mobile sensors like an acceleration sensor or GPS but especially Andrew et al. (2010) have written about ubiquitous sensing, actuation and interaction. Based on their research nanotechnology will revolutionise smart phones' sensor technology. In the future, it might be possible to measure a HR and other body functions without external sensors or sensors could be even a part of a human body.
We have designed several competitions and games to the audience for an entertainment purpose. The audience can guess what the collective HR is when a home team scores. Otherwise, it can be also a coach's HR. In addition, the audience can receive tasks. For example they have to maintain the collective HR between certain margins by doing waves or squats.
Study 2 -HR-based multiplayer exertion game event
The tournament was a success and players as well as audience liked the event a lot -"Quite nice, we could have these sort of games more often". The results indicated that a large percentage of the players would be willing to play exertion games in public spaces like schools (78 %). However, the results indicated that the games should include only lightweight exercising. Overall, team play was experienced as fun. Only 4 % had a dissenting view o this. In addition, 64 % of the players believed that teammates made them perform better. However, opinions of the meaning of the audience varied and 25 % had no opinion of this at all.
The flow level experienced by the players was quite high (M = 3.70, SD = 1.01), but experiences varied among players. Players' stamina did correlate with flow experience (r = .09, p> .001), which indicates that everyone could enjoy the playing. However, most of the players stated that they were in good physical shape (M = 4.33, SD = .82). The results showed that team play was appreciated a lot (M = 4.08, SD = .93) and it facilitated also the flow experience (r = .32, p < .05).
In this study the students of the school could follow the tournament. The results showed that the audience really enjoyed the event (72%) and the interest remained during the whole tournament. Over half of the audience would have liked to participate in tournament also as players. Audience was interested in both visualisation of the gameplay and players' exercising. For audience the fidelity of the graphics was more important than for the players.
HR data results
HR monitoring was a new subject to players and they were eager to play games controlled with HR. Although HR monitors that were used in the experiment were not optimally designed for our purpose, players considered them as suitable game controllers (M = 3.62, SD = 1.11). However, in used HRM belts a separate transmitter part is attached to the belt with two poppers and it detached too easily and players experienced it as a technical problem. "It was otherwise good, but it would have been nice, if all the heart rate monitors would have worked, everyone would have been able to take part and the teams would have been equal". In practice, users tended to improve the proper point of the HR belt just before a game and sometimes this caused separation between the belt and the transmitter. A fixed HR monitor belt would have been much more reliable solution at least for players with minor practice and knowledge about HR monitors.
Despite of these technical problems, only 18 % thought that the HR monitor was not compatible as an exertion game controller. The correlation (r = .48, p < 0.01) between the willingness to play similar games again and the suitability of the HR monitor as a game controller was significant. This may be partly affected the fact that the use of HR belt was unprecedented to most of the students, so the novelty may have influenced the results. In fact 86 % of the players would have liked to also see their own HR in addition to their team's collective HR during the game. The expression of own HR would have supported the selection of exercising strategy -it would have been easier to perceive the causes and consequences.
Players used different strategies to increase their HR. They performed for example squats, presses, jumps and running in place. The players reported that their attention tended to focus mostly on their activity and functioning of the body as well as assessment of the opponents' physical state. Because the game involved quite heavy exercise, some of the players did not have time to draw attention to realisation of the game graphics. Thus, it seems that in intensive exertion games the players do not require necessarily so-called high-tech graphical outlook. On the other hand the situation of the game needs to be clearly expressed because it is challenging to focus attention to details, when exercising. Figure 7 visualises HR data of the tournament's final game. As we can see the initial HR values of both teams (Blue team: 139 bpm; Red team: 126 bpm) were quite high. We assume that the excitement of the final game affected this. Anyhow, both teams ended up to quite high values -over 190 bpm). This indicates that players exercised very intensively. The red team that had a lower starting rate won the match.
Fairness perplexed surprisingly many players as following comments shows. "There should have been longer pauses and resting periods in order to get the heart rate come down". "It would have been nicer if there had been longer breaks between the games, since we had two games in a row". Such discussions indicate that players really thought and analysed the gameplay, which supports also the learning of body functions. 
Conclusions and future work
In sum, in this paper we have created the research platform in order to study co-creational space experience by utilising collective HR during public events. We conducted two different pilot studies based on the collective HR. The first pilot succeeded in eliciting sense of presence through the commentator's announcements, engagement, and in enhancing interaction and communication between audience and hockey game; in addition, similarly to Lin et al. (2008) study, the study also shows potential of physiological evaluation techniques in objectively evaluating user experience. Furthermore, the follow-up study supports these results. The real-time feedback on a public screen enriches the collective experience. While our experiments are limited, we have shown that it is possible to enrich user experience in public events with (the use of) user-generated data. Also, because of our focus on these kinds of environments we made design decisions that allow users to derive some value from the system with only minimal input. All functions like network connections and HR monitoring are switched on automatically.
The evaluation results indicate that most of the study participants appreciated this sort of experiment. It seems that HR measurement events could be used to increase the positive experience when designed properly. However, it should be taken into account that an ice hockey match and multiplayer exertion game tournament are almost automatically social and collective experiences for the participants. Still, the technology enhancing the experience would be there in order to deepen the collective feeling of the audience and participants.
Additionally, we found observations to be a critically valuable tool in prototyping this social mobile application. After running more complex pilots, the next step for this work is a full-fledged field experiment with a group or friends or colleagues in an unconstrained environment that could be a festival area for example.
Also, as a future work we should take into consideration the risk management. International Agency for Research on Cancer has classified radiofrequency radiation possibly carcinogenic (IARC, 2011) . Since heart is a delicate, electrical organ, information about possible risks would be worth stating. Already in 1970, it was recommended that "cardiovascular abnormalities be used as screening criteria to exclude people from occupations involving radio-frequency exposures" (Cleary, 1970) . Heart problems have been reported with wireless routers and pulsed radiofrequency (microwave) radiation (Havas et al., 2010) . Heart problems come up also in epidemiological studies of base stations (Khurana et al., 2011) . Having a mobile phone (sending HR data) next to vital organs is another risk area (Avendaño et al., 2010; de Iuliis et al., 2009 ). However, because of athletes utilise nowadays commonly different kind of (Bluetooth and radio-frequency) HR measurement equipment (Ahtinen et al., 2008) we believe that our system is safe to use and HR results in this study were not due to microwave exposure.
